A bacterial strain designated LP1 T was isolated from a microbial mat growing on the surface of a black smoker chimney at the Loki's Castle hydrothermal system, which is located on the Arctic Mid-Ocean Ridge. Phylogenetic analyses based on 16S rRNA gene sequences positioned strain LP1 T within the family Flavobacteriaceae with Lutibacter holmesii as the closest relative (97.5 % 16S rRNA gene sequence similarity). Strain LP1 T was rod-shaped, Gram-reaction-negative and non-motile. It grew in a modified artificial seawater medium supplemented with tryptone and vitamins at pH 5.5-7.5 (optimum pH 6.0-6.5), within a temperature range of 13-34 C (optimum 23 C), and under microaerobic conditions. The most abundant fatty acids (>10 %) were iso-C 15 : 0 (25.2 %) and iso-C 15 : 0 3-OH (14.5 %). The genome of strain LP1 T has a DNA G+C content of 29.8 mol%. Based on the results of the polyphasic characterization presented here, strain LP1 T is considered to represent a novel species of the genus Lutibacter, for which the name Lutibacter profundi sp. nov. is proposed. The type strain is LP1 T (=DSM 100437 T =JCM 30585 T ). An emended description of the genus Lutibacter is also provided to fit the description of strain LP1 T .
Most members of the family Flavobacteriaceae are aerobic and isolated from marine environments (Bowman, 2006) . In 2006, the genus Lutibacter was proposed along with the isolation and characterization of Lutibacter litoralis (Choi & Cho, 2006) . Since then, seven other species have been characterized and the names validly published: Lutibacter maritimus (Park et al., 2010) , Lutibacter aestuarii , Lutibacter flavus (Choi et al., 2013) , Lutibacter agarilyticus (Park et al., 2013) , Lutibacter oricola (Sung et al., 2015) , Lutibacter crassostreae (Park et al., 2015) , and Lutibacter holmesii (Nedashkovskaya et al., 2015) . So far, all species of the genus Lutibacter have been isolated from a tidal area or shallow coastal waters in South Korea and the Sea of Japan. Members of the genus Lutibacter are described as Gram-reaction-negative, rod shaped, heterotrophic and aerobic (Choi & Cho, 2006) . All species are catalase-positive, but oxidase-test results vary. MK-6 is the predominant menaquinone and the cells contain carotenoids. In this study, we used a polyphasic approach to characterize strain LP1 T , the first member of the genus Lutibacter isolated from a deep-sea hydrothermal system. For comparative purposes the following type strains were included in the study: L. aestuarii KCTC 23499 T , L. agarilyticus KCTC 23842 T , L. crassostreae KCTC 42461 T , L. flavus DSM 27993 T , L. holmesii CCUG 62221 T , L. litoralis JCM 13034 T , L. maritimus KCTC 22635 T and L. oricola DSM 24956 T .
Strain LP1 T was isolated from a bacterial mat dominated by Epsilonproteobacteria growing on a black smoker hydrothermal chimney within the Loki's Castle hydrothermal system (73 33¢ N 08 09¢ E), at a depth of 2350 m. Sampling was performed using a hydraulic pump device ('biosyringe') mounted on a remotely operated vehicle. Primary enrichments were set up in artificial seawater (ASW) (Emerson & Floyd, 2005) , supplemented with 0.001 % modified Wolfe's Mineral solution (without NaCl or CaCl 2 ), 0.5 % Wolfe's vitamin solution, 10 mM Na 2 S and low concentrations of yeast extract (0.01 %). Incubation occurred under microaerobic conditions (1.7 mmol O 2 L À1 in the gas phase, i.e. 1/5th of O 2 concentration in air). After four dilutions to extinction, the culture was found to be pure by microscopic observation and 16S rRNA gene sequencing. Strain LP1 T was further grown at 23 C under microaerobic conditions in ASW supplemented with 0.1 % tryptone, but in the absence of Na 2 S and yeast extract (medium M1 described in Method S1, available in the online Supplementary Material). Cultures were viable after 60 days of storage at 4 C, as well as 6 months at À80 C in medium containing 15 % glycerol.
DNA from strain LP1 T was extracted and purified following a modified version of the Marmur protocol (Marmur, 1961; Roalkvam et al., 2015) . The genome of strain LP1 T was sequenced using 2 SMRT cells on a PacBio II sequencing machine (Pacific Biosciences). The G+C content of the genome is 29.8 mol%, which is lower than any other published species of the genus Lutibacter. Two 16S rRNA operons, containing identical 16S rRNA genes were detected using RNAmmer version 1.2 (Lagesen et al., 2007) . A more detailed analysis of the genome of strain LP1 T will be presented in a future publication. Phylogenetic trees were reconstructed in the MEGA6 software package (Tamura et al., 2013) using the maximum-likelihood (Fisher, 1921) , maximum-parsimony (Farris, 1970) , and neighbour-joining (Saitou & Nei, 1987) algorithms. The robustness of each tree was assessed using 1000 bootstrap replications. All three algorithms showed that strain LP1 T branched within the Lutibacter clade. The maximum-likelihood tree based on general time reversible model (Tavar e, 1986 ) is shown in Fig. 1 . Based on 16S rRNA gene similarity scores [EzTaxon server, (Kim et al., 2012) ], strain LP1 T was most similar to L. agarilyticus KYW566 T (97.4 %) and L. litoralis CL-TF09 T (96.7 %). When using NCBI Blastn (Altschul et al., 1990) , L. holmesii KMM 6277 T (not listed in the EzTaxon database) had the highest 16S rRNA gene similarity score with strain LP1 T (97.5 %). These values are below suggested threshold values for species differentiation (Kim et al., 2014; Meier-Kolthoff et al., 2013) , indicating that the isolate belongs to a novel species. Nevertheless, DNA-DNA hybridization studies, regarded as the 'gold standard' in species delimitation (Stackebrandt & Ebers, 2006) , were carried out with L. holmesii KMM 6277 T , L. agarilyticus KYW566 T and L. litoralis CL-TF09 T . The hybridization experiments were performed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) . DNA-DNA relatedness of strain LP1 T with L. holmesii KMM6277 T , L. agarilyticus KYW566 T and L. litoralis CL-TF09 T was 17 %, 18 % and 13 %, respectively, which is far below the considered threshold value (70 %) for novel species definition (Stackebrandt & Ebers, 2006) .
The characterization of strain LP1 T was performed in M1 broth medium under microaerobic conditions and gentle shaking at 23 C, unless otherwise specified. Experiments were replicated at least twice, but mostly three times. Under optimal conditions (see below), strain LP1 T grew from cell counts of 10 6 to 10 8 cells per milliliter in 25-40 h. Observations using an Axioskop 40 (Zeiss) and a JEM 1011 (JEOL) transmission electron microscope showed rod-shaped cells, 2-6 µm long and around 0.5 µm wide. Under non-optimal conditions (e.g. presence of ampicillin, old cultures, nonoptimal temperatures) cells became morphologically more diverse, including lemon-shaped rods, rods up to 120 µm in length, and spherical cells. Motile cells were not observed under any growth condition. Strain LP1 T was Gramreaction-negative, as revealed by the KOH test described by Ryu (1938) . Cell aggregation was observed during growth on Marine Broth 2216 (MB; Difco). No growth was observed on solid medium [MB+1.5 % agar (MA), R2A or M1+1.5 % agar] under microaerobic conditions using an oxygen scavenger (0.5 M Na 2 S, 0.3 M and 0.03 M sodium dithionitt, or 0.2 M iron citrate) as described in Dongre & Goel (2013) . However, strain LP1 T could be grown aerobically on MA medium, and under these conditions, growth was strongly enhanced when agar and MB were autoclaved separately, as described by Tanaka et al. (2014) . According to the criteria described in Tindall et al. (2007) , young colonies (<1 week) were around 1 mm in diameter, dark beige, circular, convex, entire, smooth, opaque, viscous when tested with a needle, and detached easily from the plate. Older colonies presented similar characteristics, but they grew bigger (3-4 mm) and darker, with a light orange complexion. Colonies from strain LP1 T are therefore clearly different from other species of the genus Lutibacter, which exhibit yellow (L. holmesii, L. flavus, and L. oricola) or orange colours (L. litoralis, L. crassostreae, L. aestuarii, L. agarilyticus and L. maritimus).
Growth was tested at 5, 10, 13, 15, 18, 22, 23, 24, 25, 26, 28, 30, 33, 34 and 35 C, but occurred only between 13 and 34 C (optimum 23 C). The pH range was assessed using different organic buffers (Sigma): 20 mM MES (pH 5.0, 5.5 and 6.0), PIPES (pH 6.0, 6.5 and 7.0) and HEPES (pH 7.0 and 7.5). Growth was observed between pH 5.5 and 7.5 (optimum pH 6.0-6.5). Tolerance to various ionic strengths was tested using M1 medium with NaCl concentrations from 0 to 6 %, at 1 % intervals. No growth occurred with NaCl concentrations below 1 % or above 3 % (optimum 2 % NaCl). Strain LP1 T could not grow in a M1 medium with NaCl as sole salt. Strain LP1 T was tested under anaerobic (90 : 10, N 2 : CO 2 in the headspace), microaerobic (1.7 mmol O 2 L À1 in the headspace) and aerobic (8.5 mmol O 2 L À1 in the headspace) conditions. No growth was observed under anaerobic conditions, even when NO 3 À (10 mM) or S 2 O 3 2À (10 mM) was supplemented as a potential electron acceptor. In aerobic cultures, where a microaerobic culture was used as inoculum, cell morphologies were consistently similar to morphologies typically observed under non-optimal conditions (lemon-shaped cells, cells longer than 50 µm, formation of cell aggregates). However, after 5-7 transfers on aerobic medium, cell morphologies reverted to morphologies observed under optimal conditions, indicating that strain LP1 T has the ability to adapt to aerobic conditions. Nevertheless, growth rates based on cell counts were higher under microaerobic conditions than under aerobic conditions. Hence strain LP1 T should be considered as being microaerophilic. Growth was not stimulated by the addition of NO 3 À (10 mM) or S 2 O 3 2À (10 mM) under microaerobic conditions. However, in anaerobic and microaerobic incubations in media supplemented with NO 3 À , NO 2 À concentrations higher than 1 mM could be measured after 50 h as revealed by colourimetric analyses of NO 2 À with the Sera Kit (Sera). By comparison, no nitrite was observed in non-inoculated controls. Hence strain LP1 T seems to be able to reduce nitrate to nitrite under anaerobic and microaerophilic conditions. The presence of flexirubin-type pigments in the cells could not be observed using a KOH solution as described in Bernardet et al. (2002) . Catalase activity was tested in broth medium with the addition of 1 : 1 v/v of 3 % hydrogen peroxide as described in Tindall et al. (2007) . Oxidase activity and indoxyl acetate hydrolysis were assessed using Diatabs (Rosco Diagnostica). Methods described by Tindall et al. (2007) were used to assess the hydrolysis of aesculin, urea, casein, agar, lecithin and starch, as well as the production of acid from glucose. Methods described by Hansen & Sørheim (1991) were used to assess the hydrolysis of Tweens 20 and 80, and gelatin [but for the use of saturated (NH 4 ) 2 SO 4 instead of HgCl 2 ]. Indole production from tryptophan was assessed using the oxalic acid test (Koser & Galt, 1926) . Susceptibility to various antibiotics in a liquid medium was determined as described in Stalons & Thornsberry (1975) . Tetracycline, streptomycin, erythromycin, chloramphenicol, ampicillin, and penicillin were tested at concentrations of 10 and 50 µg ml À1 . The following carbon sources were tested in M1 containing 0.01 % yeast extract but without tryptone: glycerol (0.1 %), L-leucine (0.1 %), tartrate (0.1 %), succinate (0.1 %), sucrose (0.1 %), L-proline (0.1 %), L-glutamate (0.1 %), cellobiose (0.1 %), D-glucose (0.1 %), D-fructose (0.1 %), D-galactose (0.1 %), citrate (10 mM), acetate (10 mM) and pyruvate (10 mM). Furthermore, a metabolic fingerprint with 95 different carbon sources was established using an AN Microplate (Biolog). In addition, an API ZYM strip (BioM erieux) was used to further describe the enzymatic abilities of strain LP1 T . The standard protocols were applied, except for the API suspension medium that was replaced with ASW. The API ZYM strip and the AN Microplate were used under microaerobic conditions, using AGS Campygen compact bags (Oxoid). All results are presented in the species description.
Biomass for analysis of respiratory quinones and polar lipids was produced in M1 medium under optimal growth conditions. For comparison purposes, biomass for the analysis of fatty acids was grown on MA. For all analyses, cells were frozen after 48 h of growth. The analyses were then carried out by the Identification Service of the DSMZ. Respiratory quinones were extracted using the two stage method from . They were then separated by thin-layer chromatography on silica gel and analysed using HPLC. Polar lipids were extracted using a chloroform/methanol mixture (Bligh & Dyer, 1959) and separated by two-dimensional thin-layer chromatography on silica gel plates. Lipids were detected using functional group specific reagents. Saponification, methylation, and extraction of fatty acid methyl esters were achieved following a protocol modified from Miller (1982) and Kuykendall et al. (1988) , and the fatty acid methyl esters were separated using Sherlock Microbial Identification System (MIDI, Microbial ID). As for all members of the genus Lutibacter, MK-6 is the sole isoprenoid quinone in strain LP1 T , hence MK-6 cannot be used as a distinguishing feature. The polar lipids detected were diphosphatidylglycerol, phosphatidylethanolamine, two unidentified lipids and an unidentified aminolipid (Fig. S1 ). The complete fatty acid composition of strain LP1 T and the type strains of the eight other species of the genus Lutibacter are presented in Table 1 . Strain LP1 T has the highest reported proportion of saturated iso-C 15 : 0 among all members of the genus Lutibacter. Strain LP1 T can be clearly differentiated from L. agarilyticus KCTC 23842 T by its higher proportions of iso-C 15 : 0 , iso-C 15 : 0 3-OH, and iso-C 15 : 1 G, and its lower proportion of iso-C 16 : 0 3-OH and iso-C 16 : 1 H. The fatty acid profiles of strain LP1 T and L. holmesii CCUG 62221 T are relatively similar. However, the presence of anteiso-C 17 : 1 !9c seems to be unique for L. holmesii CCUG 62221 T . Moreover, its proportion of anteiso-C 15 : 1 A is more than twice as high as what is observed for strain LP1 T .
For comparison purposes with type strains of other species of the genus Lutibacter, several tests were performed with cells grown on MA prior to the test at 23 C. Results are presented in table 2.
Strain LP1 T has a unique set of phenotypic and physiological characteristics compared to other species of the genus 2.7 À 1.2 À À À À 1.9 À *Summed features represent groups of two or more fatty acids that could not be separated using the MIDI system. Summed feature 1 contained C 13 : 0 3-OH and iso-C 15 : 1 H; summed feature 3 contained C 16 : 1 !6c and C 16 : 1 !7c; summed feature 4 contained anteiso-C 17 : 1 B and iso-C 17 : 1 I.
Lutibacter. Specifically, it can be distinguished from its closest phylogenetic relative, L. holmesii (Fig. 1) , by a low 16S rRNA gene sequence similarity (97.5 %), considerably lower G+C mol% content, and the ability to degrade starch and gelatin ( Table 2 ). The two other closest relatives, L. agarilyticus and L. litoralis, are reported to have the ability to utilize cellobiose, Table 2 . Phenotypic characteristics of strain LP1 T and the type strains of related species of the genus Lutibacter
Strains: 1, LP1 T ; 2, L. crassostreae KCTC 42461 T ; 3, L. agarilyticus KCTC 23842 T ; 4, L. flavus DSM 27993 T ; 5, L. holmesii CCUG 62221 T ; 6, L. maritimus KCTC 22635 T ; 7, L. oricola DSM 24956 T ; 8, L. litoralis JCM 13034 T ; 9, L. aestuarii KCTC 23499 T . All data are from this study unless otherwise stated. Growth tests and growth prior to tests were done on MA at 23 C. Note that under these conditions, and as opposed to when grown on M1 medium, strain LP1 T did not show positive results in the API ZYM for valine arylamidase, trypsin, acid phosphatase, alkaline phosphatase, and naphtol-AS-BI-phosphohydrolase or weak results for esterase lipase and a-glucosidase. All strains were positive for catalase and oxidase. In API ZYM tests, all strains showed alkaline phosphatase activity, but not esterase, esterase lipase, cysteine arylamidase, (Nedashkovskaya et al., 2015) , sugars that cannot be utilized by strain LP1 T . The results of the AN microplate shows that rather than sugars, preferred substrates of strain LP1 T are pyruvic acid and peptides (L-alanyl-L-glutamine, L-alanyl-L-threonine, L-glutamic acid, glycyl-L-proline, and L-threonine).
In addition, strain LP1 T differs from L. holmesii, L. agarilyticus and L. litoralis by colony color, the ability to degrade casein, the inability to degrade aesculin and low DNA-DNA hybridization values.
Based on our results, we suggest that strain LP1 T represents a novel species of the genus Lutibacter, for which the name Lutibacter profundi sp. nov. is proposed. An emended description of the genus Lutibacter is also provided.
Emended description of the genus Lutibacter
The description of the genus Lutibacter is as given by Choi & Cho (2006) , Lee et al. (2012) and Nedashkovskaya et al. (2015) with the following modifications: the DNA G+C content is between 29.8 and 41.6 mol%.
Description of Lutibacter profundi sp. nov.
Lutibacter profundi (pro.fun¢di. L. gen. n. profundi of/from the depths of the sea).
Cells are rod-shaped and 0.5 µm wide and 2-6 µm long under favourable growing conditions. Long (up to 120 µm), spherical or lemon-shaped cells appear under unfavourable growing conditions and during stationary phase. Cells are non-motile under the observed conditions. Cells grow on M1, an ASW medium, supplemented with vitamins, Wolfe's mineral solution and tryptone under microaerophilic conditions. After adaptation, growth can be observed under aerophilic conditions and in MB. Flexirubin-type pigments are not detected. Nitrate and thiosulfate used as electron acceptors can not sustain growth under the tested conditions, but nitrate can be reduced to nitrite. Growth occurs from 13-34 C (optimum 23 C), at pH 5.5-7.5 (optimum pH 6.0-6.5), and with salt concentrations from 1-3 % (optimum, 2 %). NaCl as a sole salt is not sufficient to trigger growth. Cells are catalase-and oxidase-positive. Under the tested conditions, gelatin, casein, indoxyl acetate and starch are degraded, but urea, agar, lecithin, aesculin and Tweens 80 and 20 are not degraded. Acid production from glucose is not observed. Indole production from tryptophan is not observed. In the API ZYM strip, alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities are detected, as well as weak esterase lipase and a-glucosidase activities. In the AN microplate, pyruvic acid, L-alanyl-L-glutamine, L-alanyl-L-threonine, L-glutamic acid, glycyl-L-proline, and L-threonine can be used. In broth medium supplemented with small amounts of yeast extract, cultures grown on sucrose, L-proline, L-glutamate, or pyruvate can be successfully transferred, but not when glycerol, cellobiose, D-glucose, D-fructose, D-galactose, L-leucine, tartrate, succinate, acetate or citrate are used as substrate. Cells are sensitive to tetracycline, erythromycin, chloramphenicol, ampicillin and penicillin, but resistant to streptomycin. The predominant fatty acids are iso-C 15 : 0 and iso-C 15 : 0 3-OH. MK-6 is the sole isoprenoid quinone. The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, two unidentified lipids and an unidentified aminolipid.
The type strain LP1 T (=DSM 100437 T =JCM 30585 T ) was isolated from a microbial mat at the deep-sea hydrothermal vent field Loki's Castle, in the northern Atlantic. The G+C content of the genome of the type strain is 29.8 mol% (calculated from draft genome sequence).
